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Description 

TECHNICAL FIELD 

5 This invention relates to a monoclonal antibody specifically reactive with human Mx protein which is useful for the 
diagnosis of various diseases and to a hybridoma capable of producing the antibody. 

BACKQRQUND ART 

10 It has been revealed by experiments using mice that Mx protein is induced when cells are stimulated with interferon, 
and that it is an inportant protein in exerting resistance to influenza virus infection [Proa NatL Acad. Sci. USA, SSL 
1910-1914 (1983), Cell, 44. 147-158 (1986) and Cell, ^ 51-61 (1990)]. Thereafter, it was found that two types of pro- 
tein, MxA and MxB, homologous to the mouse Mx protein, are also induced in human when cells are stimulated witii 
interferon [Mol. Cell. Biol., 9, 5062-5072 (1989) and J. Virol., 1171-1 181 (1990)]. Infection experiments using influ- 

15 enza virus A and vesicular stomatitis virus have revealed that MxA inhibits viral growth in cells but MxB does not have 
the inhibition activity [J. ViroL, 64. 3370-3375 (1990)]. 

A monoclonal antibody to MxA was first prepared by immunizing mice witii the purified protein [J. Interferon Res., 
Z, 331-343 (1987)]. Thereafter. Towbin etal. prepared 5 monoclonal antibodies using recombinant MxA expressed in 
Escherichia coli as an immunogen [J. Interferon. Res., 12. 67-74 (1992)]. It was confirmed by enzyme immunoassay 

20 (ELISA) and Western blotting that the monoclonal antibodies of Towbin et al. reacted with MxA, and they could be 
divided into those which recognize an epitope corresponding to amino adds 1 to 429, counting from the N-terminus, 
and those which recognize anotiier epitope corresponding to amino acids 430 to 662. 

Recently, with the advance in studies on the structure and function of Mx protein, it has been revealed that the Mx 
protein has a GTP-binding domain and GTPase activity, wNch are now regarded as irrportant tactors in relation to the 

25 anti-virus activity [Trends in Cell Biology, 1 268-272 (1993)]. Also, the possibility has been suggested tiiat Mx protein 
has a self-assembly motif and forms a large conplex body tiirough association of Its molecules making use of the nrxjtif, 
thereby exerting its anti-virus function [J. Biol. Chem., 268. 15033-15038 (1993)]. 

Detailed elucidation of relationship between structure and function of Mx protein wilt make possible the accurate 
diagnosis of viral infectious conditions which are reflected by such a relationship. In the case of the known monoclonal 

30 antibodies which recognize MxA. it is difficult to elucidate the relationship of their functions with the GTP-binding 
domain and self-assembly motif because of the vague specificity of ttie binding site. Thus, accurate diagnosis of viral 
infectious conditions cannot be made. In addition, tiiere are no reports of monoclonal antibodies capable of recognizing 
MxA which is intracellularty induced solely by viral infection, not by artificial stimulation witii interferon. 

The present invention relates to a monoclonal antibody which recognizes an epitope corresponding to amino adds 

35 1 0 to 220, amino acids 221 to 297 or amino acids 469 to 662. counting from the N-terminus of a human Mx protein MxA, 
that specifically reacts with tfie human Mx protein by western blotting, immunoprecipitation or immunocyte staining and 
to a hybridoma which produces tiiat antibody. 

DISCLOSURE OF THE INVENTION 

40 

The following outlines ttie process for producing tiie anti-human Mx protein MxA monoclonal antibody of the 
present invention. 

An MxA-encoding cDNA is cloned into a plasmid and introduced into £ coli cells in accordance witii a known 
method [d Interferon Res., 12, 67-74 (1992)]. Since MxA is expressed and accumulated as intracellular granules in £ 

45 coli, ttie cells are disrupted, for example, by an ultrasonication and MxA is solubilized by freating the sonicate witti a sur- 
face active agent or a protein denaturing agent. The solubilized MxA is purified by repeated centrifugation. Splenocytes 
of an animal immunized witii the purified recombinant MxA are fused witti mouse myeloma cells to olrtain hybridoma 
strains from which a hybridoma strain capable of producing a monoclonal antibody that reacts with MxA but not witti 
MxA-free protein contaminant derived from £ coli cells is subsequentiy selected. The selected hybridoma strain is cul- 

50 tured or administered to an animal to produce ascites tumor in tiie animal, and monoclonal antibodies are collected 
from the resulting culture medium or ascitic fluid. From tiie monoclonal antibodies obtained, those which specifically 
react with MxA by western blotting are selected. Also selected are ttiose which positively stain interferon-stimulated 
cells and virus-infected cells when used as ttie first antibody of immunocyte staining. 

The sites recognized by the monoclonal antibodies can be determined in ttie following manner. 

55 The MxA gene is digested into small fragments using restriction enzymes in order to synthesize mRNA by in vitro 
transcription {Molecular Cloning, A Laboratory Manual, 2nd edition, published by CoW Spring Harbor Laboratory Press, 
1989). Next, in vitro translation (Molecular Cloning, A Laboratory Manual, 2nd edition, published by Cold Spring Harbor 
Laboratory Press, 1989) is candied out in the presence of ^^S-methionine to synthesize ^S-mettiionine-labeled protein 
fragments which are successively shortened from tiie C-terminal end. These labeled protein fragments are allowed to 



2 



EP0 725 081 A1 



react with monoclonal antibodies, and the reaction products are precipitated, for example, using beads labeled with a 
second antibody. The precipitate is separated by SDS-polyacrylamide electrophoresis, and the molecular weight of the 
precipitated protein is measured by autoradiography. The binding site of each monoclonal antibody is determined 
based on the measured molecular weight. 
5 Some of the monoclonal antibodies which recognize certain domains of the human Mx protein MxA can be used, 
for example, in the diagnosis of viral infectious conditions. 

The process for producing the anti-human Mx protein MxA monoclonal antibody of the present invention is 
desaibed in detail below. 

,10 ( 1 ) Preparation of antigen 

Recombinant MxA is obtained by transforming E. co// cells with an expression vector which contains MxA-encoding 
cDNA or MxA is purified from cultured cells stimulated with interferon or the like. 

15 (2) Immunization of animals and preparation of antibody-producing cells 

Mice, rats or hamsters of 3 to 20 weeks of age are immunized witii tiie antigen prepared in step (1) above, and anti- 
body-producing cells are collected from the spleen, lymph node or peripheral blood of the animals. The immunization 
may be earned out by administering the antigen together with an appropriate adjuvant, such as complete Freund's adju- 
re vant or aluminum hydroxide gel plus pertussis vaccine, to tiie animals subcutaneously. intravenously or intraperrto- 
neally Following tiie first antigen administration, tiie antigen is administered repeatedly 5 to 10 times at one- to two- 
week intervals. Three to seven days after each administration, a blood sample is taken from the venous plexus of tiie 
fundus of the eye, and tiie resulting serum is examined, for example, by enzyme-linked immunosorbent assay (Antibod- 
ies - A Laboratory Manual, CoW Spring Harbor Laboratory. 1988) to determine whether it is reactive with the antigen. 
25 Mice, rats or hamsters whose serum shows a sufficient antibody titer against the antigen used for immunization are sub-. ^ 
mitted for use as a splenocyte source. ^ 
For submission to fusion between splenocytes and myeloma cells, tiie spleen of the immunized mouse, rat or ham- 
ster is excised 3 to 7 days after tiie final administration of tiie antigen and splenocytes are collected. That is, the spleen 
is cut into pieces in MEM medium (Nissui Pharmaceutical Co.. Ltd.) and dissociated using forceps, and, after centrifu- 
30 gation (1 .200 rpm, 5 minutes), ttie supernatant is discarded and the sediment is treated witti Tris-ammonium chloride 
buffer (pH 7.65) for 1 to 2 minutes to eliminate erythrocytes and then washed tiiree times with MEM medium and used 
as splenocytes for cell fusion. 

(3) Preparation of myeloma cells 

35 

Mouse-derived established cell lines are used as tiie myeloma cells. For instance, tiie 8-azaguanlne-resistant 
mouse (BALB/c-derived) myeloma cell lines P3-X63Ag8-U1 {P3-U1) [Current Topics in Microbiology and Immunology, 
la 1-7, (1978)]. P3-NS1/1-Ag41 (NS-I) [European J. Immunology, fi. 511-519. (1976)]. SP2/0-Ag14 (SP-2) [Nature, 
276. 269-270. (1978)]. P3-X63-Ag8653 (653) [J, Immunology m 1548-1550. (1979)]. P3-X63-Ag8 (X63) [Nature, 
40 256. 495-497. (1975)] and tiie like may be used. These cell lines are subcultured in an 8-azaguanine medium [prepared 
by supplementing RPMl-1640 medium witii glutamine (1 .5 mM). 2-mercaptoelhanol (5 x 10"^ M). gentamicin (10 jig/ml) 
and fetal calf serum (PCS) (to be refen^ed to as "normal medium" hereinafter) and further supplementing tiie resulting 
medium with 8-azaguanine (15 ^gAnl)], namely. 3 to 4 days before cell fusion, subculture is perfomied in the normal 
medium to ensure a cell number of not less than 2x10^ cells on the day of cell fusion. 

45 

(4) Cell fusion 

The antibody-producing cells obtained by immunization as described in step (2) above and tiie myeloma cells 
obtained as described in step (3) above are washed w^l witii the MEM medium or PBS (1 .83 g of disodium phosphate. 

so 0.21 g of monopotassium phosphate and 7.65 g of sodium chloride per liter of distilled water, pH 7.2). mixed in a ratio 
of antibody-producing cells:myeloma cells = 5-10:1 . and subjected to centrifugation (1 .200 rpm. 5 minutes). The result- 
ing supernatant is discarded and tiie precipitated cells are thoroughly disintegrated. A mixture consisting of 2 g of pol- 
yethylene glycol-1 .000 (PEG-1 .000). 2 ml of MEM and 0.7 ml of dimetiiyl sulfoxide is added to the cells witii stirring to 
obtain 0.2 to 1 ml/10^ antibody-producing cells at 37°C. One to 2 ml of MEM are added several times at 1- to 2-minute 

55 intervals, and then tiie whole amount is brought to 50 ml by the addition of MEM. After centiifugation (900 rpm. 5 min- 
utes), tiie sipematant is discarded, the cells are loosened gently and then suspended in 100 ml of an HAT medium 
[prepared by supplementing tiie normal medium witii hypoxantiiine (10"^ M), thymidine (1.5 x 10"^ M) and aminopterin 
(4 X lO*'^ M)] by repeated drawing up into and discharging from a graduated pipette. This suspension is distributed in 
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100 ^1 portions into each well of 96 well incubation plates, and incutation is carried out in a 5% CO2 incubator at 37*C 
for 7 to 14 days. 

After incubation, a portion of the culture supernatant is taken from each well and subjected, for example, to 
enzyme-linked immunosorbent assay to select those which react with MxA antigen but do not with MxA-free proteins. 
5 Thereafter, cloning is repeated twice by the limiting dilution method [using an HT medium (HAT medium minus aminop- 
~ terin) for the first cloning and the normal medium for the second], thereby selecting strains for which a high antibody 
titer is constantly observed, as anti-human Mx protein MxA monoclonal antibodyiDroducing hybridoma strains. 

Illustrative examples of the anti-human Mx protein MxA monoclonal antibody-producing hybridoma strains include 
hybridoma cell lines KM1 124. KM 1 132. KM1 135 and the like. The hybridoma cell lines KM1 124, KM 1 132 and KM1 135 
10 have been deposited with the National Institute of Bioscience and Human Technology, Agency of Industrial Science and 
Technology, on July 5, 1994, and have been assigned the accession numbers PERM BP-4729. PERM BP-4730 and 
PERM BP-4731, respectively 

(5) Preparation of monoclonal antibody 

15 

Each of the anti-human Mx protein MxA monoclonal antit)ody-producing hybridoma strains obtained in step (3) 
above is intraperitoneally injected into 8- to 10-week-old mice or nude mice treated with pristane [by intraperitoneal 
administration of 0.5 ml of 2,6,10,14-t6trametiiylpentadecane (pristane) followed by 2 weeks of feeding] at a dose of 2 
X 10^ to 5 X 10^ cells per animal. The hybridoma causes ascites tumor development in 10 to 21 days. The ascitic fluid 
20 is collected from the mice, centrifuge (3.000 rpm, 5 minutes) to remove solid matter and, after salting out with 40 - 50% 
ammonium sul^te, subjected to purification by caprylic acid precipitation or using a DEAE-Sepharose column, a protein 
A column or a gel filtration column, followed by collection of IgG or IgM fractions to give a purified nrx>noclonal antibody. 

The subclass of tiie antibody can be determined by enzyme immunoassay using a subclass typing kit. The quantity 
of protein can be determined by the Lowry method, followed by calculation based on the absort>ance at 280 nm. 

25 

(6) Western blotting (reaction with recombinant MxA) 

Reaction specificity of tiie anti-human Mx protein MxA monoclonal antibody selected in step (5) above is confirmed 
by western blotting. 

30 A 1 to 10 tig portion of recomt)inant MxA expressed in E.coli or MxA purified from cells stimulated with interferon 
or tiie like is fractionated by SDS-potyacrylamide electrophoresis (Antibodies - A Latx>ratory Manual, Cold Spring Har* 
bor Laboratory, 1988) and then blotted on a PVDP (polyvinylidene difluoride) membrane. After blocking witii a BSA 
solution, it is allowed to react with 1 to 10 jig/ml of the culture supernatant of tiie anti-human Mx protein MxA mono- 
clonal antibody or the purified antibody for 2 hours at room temperature or overnight at 4''C. After washing with PBS or 

35 PBS-Tween vvell, 1 to 50 )jig/ml of an anti-mouse immunoglobulin antibody labeled with biotin, an enzyme, a chemilumi- 
nescent substance, a radioactive compound or the like, is dispensed in 50 to 100 ^IMell portions and the reaction car- 
ried out at room temperature for 1 to 2 hours. After tiiorough washing, the reaction is carried out using each type of 
labeled second antibody to confirm tiiat the arvti-human Mx protein MxA monoclonal antibody reacts only with MxA and 
not with MxA-free proteins. 

40 

(7) Western blotting (reaction witii intracellular MxA) 

Interferon a-stimu!ated cells are washed witii PBS, susp&ided in a cytolysis buffer, allowed to stand fori to 10 
hours at 4''C and then centrifuged. The resulting supernatant is fractionated by SDS-polyacrylamide electrophoresis 

45 {Antibodies - A Laboratory Manual, Cold Spring Harbor Laboratory, 1 988) and tiien blotted on a PVDF membrane. After 
blocking with a BSA solution, tiie membrane is allowed to react with 1 to 1 0 |ig/ml of tiie culture supernatant of tiie anti- 
human Mx protein MxA monoclonal antibody or the purified antibody for 2 hours at room temperature or overnight at 
4'C. After tiiorough washing with PBS or PBS-Tween, 1 to 50 jig/ml of an anti-mouse immunoglobulin antibody labeled 
witii biotin. an enzyme, a chemiluniinescent substance, a radioactive compound or tiie like is dispensed in 50 to 100 

50 ^l/well portions and the reaction carried out at room temperature for 1 to 2 hours. After thorough washing, the reaction 
is carried out using each type of labeled second antibody to confirm tiiat the anti-human Mx protein MxA monoclonal 
antibody reacts with MxA derived from cells stimulated witii interferon a or tiie like. 

(8) Immunocyte staining (detection of MxA induced with interferon a or ttie like) 

55 

A suspension of adherent type cultured cells is dispensed in 100 to 500 ^1/welt portions into chamber slides (2 x 
10^ cells/well), stimulated witii interferon a or tiie like and cultured overnight at 37**C. After washing witii PBS. ttie cells 
are fixed witti paraformaldehyde or the like. After f urtiier washing witii PBS. the cells are treated with Triton X or tiie like 
in order to increase permeability of the antibody After blocking using normal horse serum or the like, the cells are 
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allowed to react with the culture supernatant of 1 to 1 0 \iQ/rx\\ of anti-hunian Mx protein MxA monoclonal antibody or the 
purified antibody for 30 minutes at room tenperature. After washing, 1 to 50 ^g/ml of an anti-mouse immunoglobulin 
antibody labeled with a fluorescence dye is dispensed in 1 00 to 500 iiiywell portions and the reaction can-ied out at room 
temperature for 30 minutes in the dark. After thorough washing, the cells are sealed with glycerol and observed under 
5 a fluorescence miaoscope to confirm that the monoclonal antibody reacts with cells stimulated with interferon a or the 
like but not with un-stimulated cells. 

(9) Immunocyte staining (detection of MxA induced by viral infection) 

10 A suspension of adherent type cultured cells is dispensed in 1 00 to 500 ^I/well portions into chamber slides (2 x 
10^ cells/Well), infected with influenza virus or the like virus and cultured overnight at ZTC. After washing with PBS, the 
cells are fixed with paraformaldehyde or the like. After further washing with PBS. the cells are treated with Triton X or 
the like in order to inaease permeability of the antibody After blocking with normal horse serum or the like, the cells are 
allowed to react with the culture supernatant of 1 to 10 \igfm\ of anti-human Mx protein MxA monodona) antibody or the 

15 purified antibody for 30 minutes at room temperature. After washing, 1 to 50 ^g/ml of an anti-mouse immunoglobulin 
antibody labeled with a fluorescence dye is dispensed in 1 00 to 500 ^lAfvell portions and the reaction carried out at room 
temperature for 30 minutes in the dark. After thorough washing, the cells are sealed with glycerol and observed under 
a fluorescence microscope to confirm that the monoclonal antibody reacts with cells infected with the virus but not with 
un-stimulated cells. 

20 

(10) Determination of monoclonal antibody binding domain 

The MxA-encoding gene DNA is digested with several restriction enzymes and in vitro b'anscription is carried out 
in the presence of T7 RNA polymerase to synthesize several mRNA samples having different lengths. Next, in vitro 

25 translation is carried out using these mRNA samples in tiie presence of ^^S-methionine to synthesize ^^S-methionine- 
labeled protein fragments which are successively shortened from the C-terminal end. These labeled protein fragments 
are allowed to react with the anti-human Mx protein MxA monoclonal antibody at A'^C for 1 to 4 hours. TTie reaction solu- 
tion is mixed with beads labeled with a second antibody and a 1 hour reaction is carried out at 4°C with shaking. The ; 
precipitate obtained by centrifugation is separated by SDS-polyacrylamide electrophor^s, and the molecular weight 

30 of the precipitated proton is measured by autoradiography. The binding site of the monoclonal antibody is determined 
based on the measured nrK)lecular weight. 

Illustrative examples of the anti-human Mx protein MxA monoclonal anttoody of the present invention include mon- 
oclonal antibodies KM1 124, KM1 132 and KM1 135 produced by hybridoma cell strains KM1 124, KM1 132 and KM1135. ^ 
respectively 

35 Since the anti-human Mx protein MxA monoclonal antibody of tiie present invention has tiie ability to react with ' ; 
MxA induced by viral infection, it can be used in the detection of viral infection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 FIG, 1 shows structure of a vector for use in the expression of MxA in E coli. 

Rg. 2 shows the reactivity of the anti-human Mx protein MxA monoclonal antibody with MxA and MxA-free protein 
impurities derived from E co// cells. 

Rg. 3 shows results of tiie autoradiography of ^^S-methionine-labeled MxA protein fragments precipitated by tiie 
anti -human Mx protein MxA monoclonal antibody Lanes 1 to 7 represent immune precipitates of the anti-human Mx 

45 protein MxA monoclonal antibody with an MxA protein fragment of amino acids 1 0 to 662. counting from the N-terminus, 
lanes 8 to 1 2 represent tiiose witii a protein fragment of amino acids 1 0 to 468, counting from tiie N-terminus, lanes 1 3 
to 17 represent those witii a protein fragment of amino adds 10 to 297, counting from tiie N-terminus and lanes 18 to 
22 represent ttiose with a protein fragment of amino acids 10 to 220. counting from the N-terminus. The anti-human Mx 
protein MxA monodonal antibodies used herein are KM 1 124 in lanes 3. 8. 13 and 18. KM 11 26 in lanes 4, 9, 14 and 19. 

50 KM1132inlanes5, 10, 15 and 20 and KM 11 35 in lanes 6. 11, 16and21. Lane 1 shows results obtained In the absence 
of the MxA protein fragment and monodonal antibody, lane 2 shows results obtained in tiie case of using rat anti-Mx 
protein MxA serum in place of tiie monodonal antibody and lanes 7, 12. 17 and 22 show results obtained in tiie 
absence of the nrx)nodonal antibody 

Rg. 4 shows the presence or absence of the formation of immune predprtates of tiie anti-human Mx protein MxA 

55 monoclonal antibodies KM1 124, KM1 126. KM1 132 and KM1 135 with each MxA protein fragment and the binding site 
of each monodonal antibody on MxA. The ranges indicated by arrows represent locations of the binding sites of tiie 
anti-human Mx protein MxA monoclonal antibodies KM1 124. KM1 126, KM1 132 and KM1 135. 

Rg. 5 shows expression of the MxA protein in peripheral blood nx)nonudear cells originated from patients of exan- 
thema subitum, hand-foot-and-moutii disease, mumps and infectious mononucleosis. 
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Fig. 6 shows results of the reactivity of MxA with anti-human Mx protein MxA monoclonal antibody KM1 1 35 on the 
surface of peripheral blood cells derived from a healthy person and patients infected with various viruses using a flow f j 

cytometer. 

5 BEST MODE OF CARRYING OUT THE INVENTION 
Examples 



(1) Preparation of antigen 

10 

An expression vector containing MxA-encodIng cDNA (Rg. 1) was introduced into £ co// cells in accordance with 
a known method {Molecular Cloning, A Laboratory Manual, 2nd edition, published by Cold Spring Harbor Laboratory 
Press, 1989), and the cells were cultured at 37*C for 4 hours in 200 ml of LB medium (containing 200 jigAnl of ampicil- 
lin). followed by the addition of 0.5 mM of isopropylthiogalactoside (IPTG) and subsequent 2 hours of culturing at 37''C. 

15 A 200 ml portion of the cultured broth was centrif uged at 3.000 x g for 1 5 minutes, and the precipitate containing £ coll 
cells was suspended in 100 ml of buffer solution 1 (10 mM Tris-HCI, 1 mM EDTA. 150 mM NaCI, pH 8). After centrifuging 
again, the precipitate was suspended in 7 ml of buffer solution 1 and subjected to an ultrasonic treatment to disrupt the 

cells.-This was centrifuged at 10,000 x g for 30 minutes, and the precipitate was suspended in 3.5 ml of buffer solution 

2 (50 mM Tris-na, 10 mM EDTA, 100 mM NaCI, 0.5% Triton X-1 00, pH 7.9). allowed to stand for 5 minutes at 20'C and 

20 then centrifuged again at 10,000 x g for 15 minutes. After repeating this centrif ugation step twice, the precipitate 
obtained was suspended in 3.5 ml of buffer solution 3 (50 mM Tris-HCI, 1 mM EDTA-200 mM KCI, 10 mM MgClg. 10 
mM dithiothreitol, 20% glycerol, 6 M urea, pH 7.9). allowed to stand for 10 minutes at 0<»C and then centrifuged again 
at 10.000 x g for 15 minutes. After repeating this centrifugation step twice, the precipitate obtaiend was again sus- 
pended in 2 ml of buffer solution 4 (10 mM Tris-HQ, 0.1 mM EDTA, 1 mM dithiothreitol, 6 M guanidine chloride. pH 7.9) 

25 and centrifuged at 1 0,000 x g for 1 5 minutes to recover the solubilized protein in the supernatant. The supernatant was 
dialyzed twice against 1 liter of buffer solution 5 (50 mM Tris-HCI, 10 mM EDTA, 100 mM NaCI, 5% glycerol. 0.25% Tri- 
ton X-100, pH 7.9). By this method. 2.5 mg of MxA was recovered from 200 ml of the £ co// culture broth. 



(2) Immunization of animals and preparation of antibody-producing cells 

A 30 Jig portion of MxA prepared in step (1) above, together with 2 mg of an aluminum gel and 1 x 10^ cells of per- 
tussis vaccine (manufactured by Chiba Serum Institute), was administered to 5-week-old female mice (Balb/c) and, 2 
weeks thereafter, 30 ^g of MxA was administered once a week for 4 weeks. Blood was sampled from the venous plexus 
of the fundus of the eye and tested for semm antibody titer by the enzyme immunoassay desaibed below, and, 3 days 
35 after the final immunization, the spleen was excised from a mouse showing a sufficient antibody titer 

The spleen was cut to pieces in MEM medium (manufactured by Nissui Pharmaceutical Co., Ltd.) and dissociated 
using forceps and. after centrifugation (1.200 rpm. 5 minutes), the supernatant was discarded and the sediment was 
treated with Tris-ammonium chloride buffer (pH 7.65) for 1 to 2 minutes to eliminate erythrocytes and then washed three 
times with the MEM medium and submitted for cell fusion. 

40 

Enzyme immunoassav 

A 1 to 50 >ig/ml portion of MxA obtained in step (1) above or a 1% BSA solution was distributed in 10 to 100 por- 
tions into weils of a 96 well EIA plate (manufactured by Qreiner), and the plate was kept overnight at 4*C for antigen 

45 coating. Next, a PBS solution containing 1% BSA (BSA-PBS) was distributed in 100 to 200 fU portions into the wells, 
and the plate was kept at room temperature for 1 to 2 hours or at 4*C for a night or two for blocking the protein-binding 
residues remaining on the plate. Thereafter, BSA-PBS was discarded, the plate was washed well with PBS, samples 
(mouse sera, hybridoma culture supernatants, purified monoclonal antibodies) diluted with BSA-PBS were distributed 
in 20 to 1 00 jil portions into the wedls, each as a first antibody, and then the plate was kept at room temperature for 2 to 

50 3 hours or at 4»C overnight. After thorough washing with PBS or PBS-Tween, a pa-oxidase-labeled anti-mouse immu- 
noglobulin antibody (manufactured by DAWO) was distributed as a second antibody in 50 to 100 \i\ portions into the 
wells, and the plate was kept at room temperature for 2 hours. 

After thorough washing with PBS-Tween, color development was generated using an ABTS substrate solution [pre- 
pared by dissolving 550 mg of 2,2*-azinobis(3-ethylbenzothiazoline-6-sulfonic add) diamnronium salt in 1 liter of 0.1 M 

55 citrate buffer (pH 4.2) and adding, just prior to use. hydrogen peroxide to the solution to a concentration of 1 ^il/ml]. and 
absorbance at OD415 nm was measured. 
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(3) Preparation of mouse myeloma cells 

An 8-azaguanine-reslstant mouse myeloma cell line P3-U1 was cultured in the normal medium to ensure a cell 
number of not less than 2x10^ cells on the day of cell fusion. 

5 

{4) Preparation of hyt)rldoma 

The mouse splenocytes obtained in step (2) above and the myeloma cells obtained in step (3) above were mixed 
in a ratio of 10:1 and subjected to centrifugation (1 .200 rpm. 5 minutes), the resulting supernatant was discarded and 

10 the precipitated cells were thoroughly loosened. A mixture consisting of 2 g of polyethylene glycol-1 .000 (PEG-1 ,000). 
2 ml of MEM and 0.7 ml of dimethyl sulfoxide was added to the cells with stimng in an amount of 0.2 to 1 ml/10^ mouse 
splenocytes at 37°C. One to 2 ml of MEM were added thereto several times at 1- to 2-minute inten/als, and then the 
whole amount was brought to 50 ml by further addition of MEM. After centrifugation (900 rpm, 5 minutes), the superna- 
tant was discarded and the cells were loosened gently and then gently suspended in 100 mt of an HAT medium by 

15 repeated drawing up into and discharging from a graduated pipette. 

This suspension was distributed in 100 |il portions into each well of a 96 well incubation plate, and incut)ation is 
carried out in a 5% CO2 incubator at 37''C for 10 to 14 days. The culture supernatant was subjected to the enzyme 
imnuinoassay described in (1) to select those which reacted with MxA but not with MxA-free E. co/z-originated protein 
impurities, and cloning was r^eated twice by replacing the culture medium with l-IT medium and then with the normal 

20 medium, thereby obtaining a total of 14 anti-human Mx protein MxA monoclonal antibody-producing hybridoma cell 
lines KM1122, 1123, 1124, 1125. 1126. 1127. 1128. 1129, 1130. 1131, 1132. 1133. 1134 and 1135 (Rg. 2). 

(5) Purification of monoclonal antibody 



25 Each of the hybridoma cell lines obtained in step (4) above was intraperitoneally injected into pristane-treated 8-,^ 
week-otd nude mice (Balb/c) at a dose of 5 to 20 x 10^ cells per animal. The hybridoma caused ascites tumor 10 to 21/ 
days thereafter. The ascitic fluid was collected from the ascitic fluid-accumulated mice (1 to 8 ml/animal) and centri- 
fuged (3,000 rpm, 5 minutes) to remove solid matter. This was subjected to purification by caprylic add precipitation 
{Antibodies - A Laboratory Manuai, CokJ Spring Hart)or Laboratory, 1988) to give purified monoclonal antibodies. Anti- : 

30 human Mx protein MxA monoclonal antibodies obtained from the hybridoma cell lines KM1122, KM1123, KM1124, 
KM1125, KM1126, KM1127, KM1128, KM1129, KM1130. KM1131. KM1132, KM1133. KM1134 and KM1135 were 
named KM1122, KM1123. KM1124, KM1125, KM1126, KM1127, KM1128. KM1129, KM1130. KM1131, KM1132, 
KM1 133, KM1 134 and KM1 135, respectively 

The suk^dass of the antibody was determined by enzyme immunoassay using a subclass typir^ kit. The subdass 

35 of each antibody is shown In Table 1 . 



Table 1 



Monoclonal antibody 


Subclass 


Monodonal antSsody 


Subclass 


KM1122 


G1 


KM1129 


01 


KM1123 


G1 


KM1130 


02a 


KM1124 


01 


KM1131 


01 


KM1125 


01 


KM1132 


02a 


KM1126 


01 


KM1133 


01 


KM1127 


01 


KM1134 


02a 


KM1128 


02a 


KM1135 


01 



(6) Western blotting (reaction with recombinant MxA) 

Reaction specificity of each of the anti-human Mx protein MxA monoclonal antibodies obtained in step (5) above 
was examined by Western blotting as follows. 

A 1 )ig portion of MxA. expressed in Eco// was fractionated by SDS-pdyaaylamide electrophoresis {Antibodies - A 
Laboratory Manual, CoW Spring Harbor Laboratory, 1988) and then blotted on a PVDF membrane. After blocking witfi 
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a BSA solution, the membrane was allowed to read with 10 ng/ml of each of the purified anti-human Mx protein MxA 
monoclonal antibodies lor 2 hours at room temperature or over night at 4*»C. After thorough washing with PBS-Tween, P | 

a percoddase-labeled anti-mouse immunoglobulin antibody (manufactured by DAKD) was allowed to react at room tem- 
perature for 1 hour. After thorough washing, color development was effected using an HRP-Color Development Rea- 

5 gent siijstrate solution [prepared by dissolving 60 mg of HRP-Color Development Reagent (manufactured by Bio-Rad) 
in 20 ml of ice cold methanol, warming if) the solution to room temperature and then adding thereto 100 ml of TBS 
buffer (2.42 g of Tris and 29.24 g of sodium chloride/1, pH 7.5). further adding 60 pJ of hydrogen peroxide just prior to 
use]. As the result, it was confirmed that the anti-human Mx protein MxA monoclonal antibodies KM1122. KM1124, 
KM1126. KM1 128, KM1 129. KM1 132 and KM1 135 react only with MxA and not with MxA-free £ co/H)riginated protein 

10 impurities. 

(7) Western blotting (reaction with intracellular MxA) 

Interferon a-stimulated human glioma T98G (ATCC CRL 1690) cells were washed with PBS. suspended in a cytol- 
IS ysis buffer [50 mM Tris-HCI (pH 7.2). 1% Triton X. 150 mM NaCI. 2 mM MgClg. 2 mM CaCla. 0.1% NaNg. 50 mM iodoa- 
cetamide. 50 mM N-ethylmaleimide. 1 mg/ml leupepsin and 0.1 mM dithiothreitol], allowed to stand at 4*'C for 2 hours 
and then centrifuged. T>ie thus obtained supematant was fractionated by SDS-polyacrylamide electrophoresis (Anti- 
bodies -A Laboratory Manual, Cold Spring Harbor l^ratory, 1988) and then blotted on a PVDF membrane. After 
blocking with a BSA solution, the merrfcrane was allowed to react with 10 \iqM of each of the purified anti-human Mx 
20 protein MxA monoclonal antibodies for 2 hours at room temperature or overnight at 4°C. After thorough washing with 
PBS-Tween. a peroxidase-labeled anti-mouse imnujnoglobulin antibody (manufactured by DAKO) was allowed to react 
at room temperature for 1 hour. After thorough washing, color development was effected using the HRP-Color Devel- 
opment Reagerrt substrate solution. As a result, it was confirmed that the anti-human Mx protein MxA monoclonal anti- 
bodies KM1122. KM1124, KM1126, KM1128, KM1129, KM1132 and KM1135 read with MxA derived from the 
25 interferon a-stirrulated cells. 

(8) Immunocyte staining (reaction with interferon-induced MxA) 

• A suspension of human glioma T98Q (ATCC CRL 1690) cells was dispensed in 500 fil portions into each well of an 
30 8 well chamber slide (2 x lO'^ cellsAwell). stimulated vwth interferon a (1 .000 U/ml) and cultured overnight at ST'C. After 
washing with PBS, freshly prepared 4% paraformaldehyde was dispensed in 500 \i\ portions into each well and the cells 
were fixed at room temperature fa 30 minutes. In order to increase permeability of the antibody through cell mem- 
branes, ttie cells were washed with PBS and treated at room temperature for 5 minutes with 0.1 to 0.2% Triton X-100 
which was dispensed in 500 \l\ portions into each well. After dispensing 10% normal horse serum which was dispensed 
35 in 500 !iil portions into each well, blocking was earned out at room temperature for 30 minutes, tiie cells were allowed 
to react with 10 jig/ml of each of the purified anti-human Mx protein MxA nrwnodonal antibodies for 30 minutes at room 
temperature. After washing with PBS, an FITC-labeled anti-mouse immunoglobulin antibody (manufactured by Wako 
Pure Chemical Industries) was dispensed in 200 ^1 portions into each well to react at room temperature for 30 minutes 
in tiie dark. After tiiorough washing with PBS, tiie cells were sealed with glycerol and observed under a fluorescence 
40 microscope. As a result/it was confirmed as shown in Table 2 that the anti-human Mx protein MxA monoclonal antibod- 
ies KM1 1 24, KM1 1 26. KM1 1 32 and KM1 1 35 react with the interferon a-stimulated cells but not with unstimulated cells. 



45 



so 



55 
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Table 2 





Antibody 


T98G cells 


IFN-a stimu- 


5 






lated T98Q 








cells 




KM1122 


+ 


++ 




KM1124 


± 


++ 


10 


KM1126 




+ 




KM1128 


± 


± 




KM1129 




± 


15 


KM1132 




+ 




KM1135 




+ 



•M-: strong reaction reaction ± weak 

reaction 

•: no reaction 

20 



(9) Immunocyte staining (reaction with MxA induced by viral infection) 

25 

A suspension of human glionvi T98Q (ATCC CRL 1 690) cells was dispensed In 500 ^1 portions into each well of an 
8 well chaniber slide (2x10^ cells/well), infected with Influenza virus and cultured overnight at ST^'C. After washing with 
PBS. freshly prepared 4% paraformaldehyde was dispensed in 500 (il portions into each well and the cells were fixed 
at room temperature for 30 minutes. In order to increase permeability of the antibody through cell membranes, the cells 

30 were washed with PBS and treated at room temperature for 5 minutes with 0.1 to 0.2% Triton X-100 which was dis- 
pensed in 500 \i\ portions into each well. After dispensing 10% normal horse serum in 500 |il portions Into each well, 
blocking was carried out at room temperature for 30 minutes and the cells were allowed to react with 10 fig/mi of each 
of the purified anti-human Mx protein MxA monoclonal antibodies iar 30 minutes at room temperature. After washing 
with PBS, an FITC-labeled anti-mouse immunoglobulin antibody (Wako Pure Chemical Industries) was dispensed in 

35 200 )i\ portions into each well and the reaction caried out at room temperature for 30 minutes in the dark. After com- 
pletion of the reaction, the cells were thoroughly washed with PBS, sealed with glycerol and then observed under a flu- 
orescence microscope. As a result, it was confirmed, as shown in Table 3, that the anti-human Mx protein MxA 
monoclonal antibodies KM1 1 24 and KM1 1 35 react with the virus-infected cells but not with unstimulated cells. 

40 

Table 3 



45 



Antibody 


T98G cells 


Influenza 






infected 






T98Q cells 


KM1124 




+ 


KM1132 






KM1135 




+ 



so 



(10) Determination of monoclonal antibody birKling domain 

55 The MxA-encoding DNA was digested with restriction enzymes BstK\, Psfl, Nae\ and BarrHl in the usual way and 
subjected to in v/f/o transcription [Molecular Cloning, A Laboratory Manual, 2nd edition, put)lished by Cold Spring Har- 
bor Laboratory Press, 1989) in the presence of T7 RNA polymerase to synthesize several mRNA sanrples having dif- 
ferent lengths. Next, in vitro translation was carried out using these mRNA samples in the presenc of ^^-methionine 
to synthesize ^^S-methionine-labeled protein fragments which were successively shortened from the C-terminal end. 
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The in vitro translation was candied out using reticulocyte lysate (# L416A, manufactured by Promega) in accordance 
with the nnanual attached thereto. As a result, labeled protein fragments corresponding to amino acids 10 to 662. amino 
acids 10 to 468, amino acids 10 to 297 and amino adds 10 to 220, counting from the N-terminus of MxA, were synthe- 
sized. Each of these labeled protdn fragments was allowed to react with each of the anti-human Mx protein MxA mon- 

5 oclonal antibodies (1 .25 \i\ of 1 mg/ml solution was used) in a reaction buffer (50 mM Tris-HCt. 1% NP-40. 0.2% BSA, 
pH 8.0) at 4°C for 1 hour The reaction solution was mixed with 40 jiil of second antibody4abeIed beads (#AG-005. man- 
ufactured by E. Y Labo. 2-fbld dilution) and the reaction carried out at 4**C for an hour wHh shaking. This was subjected 
to centrifugation at 4''C for 15 seconds and at 10,000 x g. and the precipitate obtained was separated by an SDS-poly- 
acrytamide electrophoresis and the molecular weight of the precipitated protein was determined by autoradiography 

10 (using X-ray films manufactured by Fuji MedicaQ. The results are shown in Fig. 3. The binding site of each nx)noclonal 
antibody was determined based on the measured molecular weight (Fig. 4). As a result, it was revealed that the anti- 
human Mx protein MxA monoclonal antibodies KM1 1 26 and KM1 1 35 have a binding site at amino adds 1 0 to 220, and 
KM11 24 at amino acids 220 to 297 and KM1 1 32 at amino adds 468 to 662, counting from the amino terminus of MxA. 

15 (1 1) Immunocyte staining (reaction witti interferon a-induced MxA -periodical changes-) 

A cell suspension (2 x lO'* cells/ml) of an adherent type cell line (human glioma T98G. ATCC CRL 1690) was dis- 
pensed in 500 fil portions into each well of an 8 well chamber slide, and the cells were cultured overnight at 37°C. stim- 
ulated with interferon a (1,000 U/ml) and again cultured at 37»C for 0 to 6 hours. After washing with PBS. freshly 

20 prepared 4% paraformaldehyde was dispensed in 500 \i\ portions into each well and tiie cells were fixed at room tem- 
perature for 30 minutes. In order to increase permeability of the antibody through cell membranes, ttie cells were 
washed witii PBS and ti^eated at room tenperature for 5 minutes with 0.2% Triton X-100 which was dispensed in 500 
III portions into each well. After blod^ng at room temperature for 30 minutes using 10% normal horse serum which was 
dispensed in 500 |iJ portions into each well, 10 Hg/ml of each of the purified anti-human Mx protein MxA nrK>nodonal 

25 antibodies KM1 124, KM1 1 32 and KM1 135 was dispensed in 200 fii portions into each well ard allowed to react at room 
temperature for 30 minutes. After washing with PBS, an FITC-labeled anti-mouse imnnunoglobulin antibody (Wako Pure 
Chemical Industries) was dispensed in 200 \l\ portions into each well and tiie reaction carried out at room temperature 
for 30 minutes in the dark After thoroughly washing with PBS, the cells were sealed with glycerol and observed under 
a fluorescence microscope. As a result, it was revealed as shown in Table 4 that the antibodies KM1 124, KM1 132 and 

30 KM1 1 35 could detect MxA induced by interferon a. 



Table 4 



40 





IFN a induction time 






(hour) 




0 


2 


4 


6 


KM1124 


+ 


+ 


+ 


+ 


KM1132 




± 


± 


+ 


KM1135 




± 


+ 


+ 


+: reaction!: weak reaction -: no 


reaction 











45 



(12) Immunocyte staining (reaction wHh viral infection-induced MxA -periodical changes-) 

so A cell suspension (2x10"^ celi's/ml) of an adherent type cell line (human glioma T98G, ATCC CRL 1690) was dis- 
pensed in 500 (il portions Into each well of an 8 well chamber slide, and tiie cells were cultured overnight at 37^C. 
infected witti influenza virus and again cultured at 37»C for 0 to 8 hours. After washing witti PBS, freshly prepared 4% 
paraformaldehyde was dispensed in 500 \i\ portions into each well and tiie ceils were fixed at room temperature for 30 
minutes. In order to increase permeability of the antibody through cell menr^ranes, tiie cells were washed with PBS and 

55 treated at room temperature for 5 minutes with 0.2% Triton X-1 00 which was dispensed in 500 m-I portions into each well. 
After blocking at room temp^ature for 30 minutes using 10% normal horse serum which was dispensed in 500 |il por- 
tions into each well, 10 ^g/ml of each of the purified anti-human Mx protein MxA monoclonal antOxxiies KM1124, 
KM1 132 and KM1 135 was dispensed in 200 ^1 portions into each well and allowed to react at room tenrperature for 30 
minutes. After washing with PBS, an FITC-labeled anti-mouse immunoglobulin antibody (Wako Pure Chemical Indus- 
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tries) was dispensed in 200 ^1 portions into each well and the reaction earned out at room teniperature for 30 minutes 
in the dark. After thoroughly washing with PBS. the ceils were sealed with glycerol and observed under a fluorescence 
microscope. As a result, it was revealed as shown in Table 5 that the antibodies KM1124. KM1 132 and KM1 135 could 
detect MxA induced by viraJ infection. 

5 ' • 



Tables 



10 



IS 





Influenza virus infec- 
tion time (hour) 




0 


2 


4 


6 


8 


KM1124 


+ 


+ 


+ 


+ 


+ 


KM1132 










± 


KM1135 








± 


+ 


+: reaction ±: weak reaction - 
reaction 


no 



20 

(13) Immunocyte staining (reaction with virus-induced MxA) 

Exanthema subitum. hand-fbot-and-nrK)uth disease, mumps and infectious mononucleosis are viral diseases 
25 mainly found in diildren. Peripheral blood nK)nonuctear cells were isolated from patients of these diseases with the aid 
of Lympho Prep to prepare cytospin sanrples. Each sample was fixed with acetone at 4*'C (for 20 minutes or more), 
dried and then soaked in 10% bovine serum albumin-containing TBS [0.05 M Tris-HCI buffer (pH 7.6)]. Anti-human Mx 
protein MxA nmnodonal antibody KM1135 (20 ^g/ml) which had been diluted with 10% rabbit serum-containing TBS 
was allowed to react at room temperature for 30 minutes, and the sample was then washed with TBS. This was allowed 
30 to react at room temperature for 30 minutes with a rabbit anti-mouse antibody (manufactured by DAKO) as the second 
antibody and then washed with TBS. TTiis was allowed to react with a mouse monoclonal APAAP complex (DAKO) for 
30 minutes at room temperature, washed with TBS. color generated using an alkaline phosphatase chromogenic sub- 
strate reagent (DAKO) and then obsen^ed under a microscope. As a result, all of the per^heral blood mononuclear cells 
isolated from the patients were stained positive as shown in Rg. 5. 

35 

(14) Flow cytometry (reaction with virus-induced MxA) 

Peripheral blood mononuclear cells (1x10^ to 10^) isolated from a healthy person or patients w^e suspended in 
PBS, centrifuged at 500 x g for 3 minutes and then fixed with 4% parafbrmaUehyde at room tenrY)erature for 15 minutes. 

40 After washing with PBS. the cells were treated at room temperature for 5 minutes with Triton X-100 which had been 
diluted to 0.1% with TBS containing 0.1% bovine serum albumin. After washing twice with a washing buffer (PBS con- 
taining 1% fetal bovine serum and 0.1% sodium azkie). a 2.5 ^1 portion of anti-human Mx protein MxA monoclonal anti- 
body KM1 135 (20 ^g/ml) was added to a 100 portion of the cell preparation solution and reacted for 20 minutes on 
ice. After washing twice with the washing buffer, reaction for 20 minutes with FITC-labeled anti-mouse IgG antibody 

45 (manufactured by Zymed, 1 .000-fold dilution) on ice was carried out. After washing twice with the washing bufter. meas- 
urement was carried out using a flow cytometer. As a result, as shown in Fig. 6, peripheral blood mononuclear cells iso- 
lated from the heahhy person and bacteria-infected patients did not react or reacted weakly with KM 11 35. while 
peripheral blood mononuclear cells isolated from the virus-infected patients reacted strongly with KM1 135. 

so INDUSTRIAL APPLICABILITY 

The present invention provides human Mx protein MxA monoclonal antibodies useful for instance in the diagnosis 
of viral infectious conditions. 

55 Claims 

1 . A monoclonal antibody which recognizes an epitope corresponding to amino adds 1 0 to 220. amino acids 221 to 
297 or amino acids 469 to 662. counting from the N-terminus of a human Mx protein MxA. and specifically reacts 
with the human Mx protein by western blotting, immunoprecipitation or immunocyte staining. 
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2. A monoclonal antibody which recognizes an epitope con-esponding to amino acids 1 0 to 220, counting from the N- 
terminus of a human Mx protein MxA, and specifically reacts with the human Mx protein by western blotting. Immu- 
noprecipitation or immunocyte staining. 

5 3. A monoclonal antikxKly which recognizes an epitope corresponding to amino acids 221 to 297, counting from the 
N-terminus of a human Mx protein MxA. and specifically reacts with the human Mx protein by western blotting, 
immunoprecipitation or immunocyte staining. 

4. A monoclonal antibody which recognizes an epitope corresponding to amino acids 469 to 662, counting from the 
10 N-terminus of a human Mx protein MxA, and specifically reacts with the human Mx protein by western blotting, 

immunoprecipitation or immunocyte staining. 

5. A monoclonal antibody KM1135 according to claim 2 wherein said monodonal antibody belongs to IgGI subclass. 

15 6. A monoclonal antibody KM 11 24 according to claim 3 wherein said monoclonal antibody belongs to IgQI subclass. 

7. A monoclonal antibody KM 1 132 according to daim 4 wherein said nronoclonal antibody belongs to lgG2a sub- 
class. 

20 8. A hybridoma which produces a monoclonal antibody that recognizes an epitope corresponding to amino adds 10 
to 220, amino adds 221 to 297 or amino acids 469 to 662, counting from the N-terminus of a human Mx protein 
MxA, and specifically reacts with the human Mx protein by western blotting, immunoprecipitation. 



25 



9. A hybridoma KM 1 1 35 which produces the monoclonal antibody of daim 5. 

10. A hybridoma KM 1 124 which produces the monoclonal antibody of claim 6. 

11 . A hybridoma KM 1 132 which produces the monoclonal antibody of claim 7. 

30 12. A method for detecting viral Infection which comprises using the monoclonal antibody of daim 1 . 2, 3 or 4. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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